on behalf of the HPTN 071 (PopART) Study Team § Abstract Introduction: Integrating standardized measures of HIV stigma and discrimination into research studies of emerging HIV prevention approaches could enhance uptake and retention of these approaches, and care and treatment for people living with HIV (PLHIV), by informing stigma mitigation strategies. We sought to develop a succinct set of measures to capture key domains of stigma for use in research on HIV prevention technologies. Methods: From 2013 to 2015, we collected baseline data on HIV stigma from three populations (PLHIV (N = 4053), community members (N = 5782) and health workers (N = 1560)) in 21 study communities in South Africa and Zambia participating in the HPTN 071 (PopART) cluster-randomized trial. Forty questions were adapted from a harmonized set of measures developed in a consultative, global process. Informed by theory and factor analysis, we developed seven scales, with values ranging from 0 to 3, based on a 4-point agreement Likert, and calculated means to assess different aspects of stigma. Higher means reflected more stigma. We developed two measures capturing percentages of PLHIV who reported experiencing any stigma in communities or healthcare settings in the past 12 months. We validated our measures by examining reliability using Cronbach's alpha and comparing the distribution of responses across characteristics previously associated with HIV stigma. Results: Thirty-five questions ultimately contributed to seven scales and two experience measures. All scales demonstrated acceptable to very good internal consistency. Among PLHIV, a scale captured internalized stigma, and experience measures demonstrated that 22.0% of PLHIV experienced stigma in the community and 7.1% in healthcare settings. Three scales for community members assessed fear and judgement, perceived stigma in the community and perceived stigma in healthcare settings. Similarly, health worker scales assessed fear and judgement, perceived stigma in the community and perceived co-worker stigma in healthcare settings. A higher proportion of community members and health workers reported perceived stigma than the proportion of PLHIV who reported experiences of stigma. Conclusions: We developed novel, valid measures that allowed for triangulation of HIV stigma across three populations in a large-scale study. Such comparisons will illuminate how stigma influences and is influenced by programmatic changes to HIV service delivery over time.
antiretroviral therapy (ART), and uptake of prevention-ofmother-to-child transmission services [6, 7] . Fear of experiencing stigma has also been shown to hinder product use among young women participating in microbicide and pre-exposure prophylaxis trials in sub-Saharan Africa, potentially contributing to the failure of these technologies to protect participants from acquiring HIV [8] [9] [10] .
Measuring HIV stigma and discrimination in the context of an HIV prevention intervention requires assessment of stigma among at least three populations: people living with HIV (PLHIV), community members (CMs) in the areas where the biomedical intervention is being implemented, and health workers (HWs) delivering the intervention. Researchers have suggested that using "parallel measures" to assess stigma across these populations will enable the most complete assessment of stigma by allowing for triangulation of data across population groups [11, 12] . For example, a South African study developed scales comparing "blame and judgement" and "interpersonal distancing" among CMs with "self-stigma" and "expected stigma" among PLHIV [13] . Despite the value of this approach, no studies have utilized parallel measures to examine the influence of HIV stigma on biomedical outcomes, such as HIV incidence and treatment adherence, in a trial setting. Having validated, parallel measures to assess stigma across PLHIV, CMs and HWs is a critical first step to facilitating such research.
More common are scales assessing different domains of stigma separately among specific populations, including CMs [14] [15] [16] [17] [18] [19] [20] , PLHIV [21] [22] [23] [24] [25] [26] [27] and HWs [28] [29] [30] [31] [32] [33] [34] [35] [36] . While such measures may provide an in-depth assessment of stigma in a particular population or setting, they may be less able to elucidate how stigma operates in the context of a population-level biomedical trial with both community and health setting components. Key domains of stigma that can be shifted through a trial linked intervention are not always clearly defined. Additionally, the domains are not measured consistently across trials and other studies, limiting comparisons and meta-analyses. Consequently, measures of stigma are not developed to encourage triangulation of perceptions, attitudes and experiences across different populations [37] .
In this study, we sought to address these limitations by developing parallel survey questions from a brief set of items that emerged following a five-year global process to articulate a practical theoretical framework of the stigmatization process in the context of HIV and derive standardized indicators of HIV stigma and discrimination [11, 38] . We then explored the measures in the context of the HIV Prevention Trials Network (HPTN) 071 (PopART) trial, which tested the impact of a combination HIV prevention package, including universal door-todoor HIV testing and an offer of ART regardless of CD4 count, on HIV incidence in 21 urban communities in Zambia and South Africa (seven matched triplets, three in South Africa and four in Zambia) [39] . Our goals were to develop a succinct set of valid and reliable measures to capture key domains of stigma for use in research on HIV prevention technologies, and to describe and compare the distribution of the resulting stigma measures across PLHIV, CMs and HWs, leveraging our unique opportunity to capture data across these three populations.
| METHODS

| Stigma domains assessed
The key domains of the stigmatization process measured were derived from "Reducing HIV stigma and discrimination: a framework for programme implementation and measurement" [40] , which has more recently been broadened to encompass health-related stigma and discrimination, including HIV [41] . We set out to measure the drivers (i.e. attitudes, such as shame of association with and judgement towards PLHIV among CMs and HWs) and manifestations (i.e. internalized stigmathe application of stigma to oneself [42, 43] and experienced stigma [7, 44] among PLHIV and perceived stigmaa person's understanding of how others may act towards, think, or feel about someone living with HIV [26, 43] ]among CMs and HWs) of HIV stigma [41] .
| Study populations, design and data collection
We collected data in Zambia and South Africa among participants in the HPTN 071 (PopART) trial and HWs implementing the intervention to simultaneously assess HIV stigma among three distinct populations: PLHIV, CMs and HWs (Figure S1 ). Baseline survey data were collected from PLHIV and CMs enrolled in the population cohort (PC) of the HPTN 071 (PopART) trial between November 2013 and March 2015. The PC consisted of approximately 2000 men and women between the ages of 18 and 44 randomly selected from each of the 21 communities to complete an interviewer-administered questionnaire [39] in their local language. Participants were asked to self-report their HIV status, and those who reported a positive HIV status completed an additional module on HIV stigma. HIV status was later confirmed by testing blood samples drawn from consenting survey participants as previously described [45] . In this analysis, we included data on self-reported internalized and experienced stigma among participants in the PC who self-reported living with HIV and had a confirmed HIV positive test result. We also included data from a random sample of 20% of PC participants from each community who received a series of questions on HIV stigma-related attitudes and perceptions. Participants living with HIV were excluded from this community member sample.
We also collected baseline data from HWs in study communities between July 2014 and June 2015. HWs included health facility staff (e.g. doctors, nurses, pharmacists, counsellors, security guards) working in study communities, Community HIV-care Providers (CHiPs) employed by PopART to deliver the combination prevention package in the community, and other community-based health workers (CHWs), not employed by PopART, involved in HIV services in both countries [46] . HWs who self-reported that they were living with HIV were not included in this analysis. Due to the low frequency of missing values across the three datasets (2 to 13%), our large sample size, and the nature of the questions, for which we deemed imputation inappropriate, individuals missing one or more items in each scale were dropped from analyses. Analyses confirmed that respondents with missing data on the stigma questions were not significantly different from respondents with complete data on the stigma questions based on socio-demographic characteristics (data not shown).
| Scale and experience measure development
Item selection and development of scales and experience measures were informed by analysis in four phases. In the first phase, desk review and expert consultation were used to identify HIV stigma items for inclusion in the PLHIV, community member, and health worker questionnaires and establish preliminary face validity [47] . Some items were derived from previously published and validated measures [33, 48, 49] , while others were developed based on consultation with experts from the HIV stigma field (Figure 1a -c). We used 11 items assessing HIV stigma among PLHIV, three of which captured internalized stigma and used a 4-point agreement rating scale from 0= "strongly disagree" to 3= "strongly agree" (Figure 1a ). The other eight items captured the frequency of occurrence (never, not disclosed, once, a few times, often) of reported experienced stigma in the community (five items) or the healthcare setting (three items) ( Figure 1a ). For the HIV fear and judgement scale among CMs and HWs, items reflected commonly reported drivers like fear of HIV infection (I fear that I could contract HIV if I come into contact with the saliva of a person living with HIV), shame (I would be ashamed if someone in my family had HIV) and judgement (HIV is punishment from God).
The most common or severe forms of stigma and discrimination reported by PLHIV in the literature and through expert consultation informed the items selected to assess stigma perceived by CMs and HWs. For example, CMs and HWs were asked whether "people thought to be living with HIV were verbally insulted, harassed, and/or threatened" and whether "people thought to be living with HIV lose respect and standing. " Where possible, items were adapted for parallel use across the three populations. For example, while CMs responded to the item "people sometimes talk badly about people living with HIV, " HWs responded to the item "my coworkers sometimes talk badly about people living with HIV" and PLHIV responded to the item "people have talked badly about me because of my HIV status. "
The questionnaires originally included 12 items for CMs not living with HIV ( Figure 1b ) and 17 items for HWs ( Figure 1c ), which we considered including in the measures. In developing the scales, we chose to drop two of the items asked of CMs and three of the items asked of HWs, informed by the literature and expert consultation. Three of the five items captured distinct aspects of anticipated stigma related to HIV testing, ART use, ( Figure 1b ) and disclosure of HIV status at work ( Figure 1c ) that we decided should not be combined with items assessing stigma related to living with HIV. The two additional health worker items dropped assessed perceptions of PLHIV as being "irresponsible. " As these items were not asked of CMs, we decided to drop them in order to retain the parallel nature of the measures across the two populations.
In the second phase, we conducted factor analysis to assess the underlying domains of stigma and reduce the number of items needed to assess them [50] . While we anticipated the domains that would be represented based on our previous research and measurement work [40] , we used exploratory factor analysis as some of the survey items were new or not previously validated. Initially, all items asked of a specific study population were included. Eigenvalues were generated and scree plots visually inspected to suggest the number of factors that explained most of the variability in the data for each set of items [51] . To examine the loading strength of items on each factor, we used iterated principal factor estimation [50] with oblique (promax) rotation, which allows for correlation between factors, as we expected the underlying domains of stigma to be correlated. The item groupings that emerged were generally consistent with the expected domains of stigma for all three populations. In the few instances where the loadings were not as expected, the factor analysis was rerun following discussion with the research team and based on relevant theory and factor loadings (i.e. loadings <0.3 were considered low and those items were dropped).
For example, factor analysis with the community member data suggested that items assessing perceived stigma in community and healthcare settings were highly correlated and could be combined into one measure. However as in other studies, we wished to explore these domains of stigma separately. For example, recent research in The Gambia found that stigma experienced by PLHIV in healthcare settings led to more negative outcomes (e.g. delay in accessing treatment, poor adherence, etc.) than stigma experienced in the community, which had little or no impact on health outcomes [49] . Similarly, studies in the US have found associations between anticipated stigma in the healthcare setting and poor adherence [52] , mediated by internalized stigma and depressive symptoms [53] . Therefore, we chose to keep these two aspects of perceived stigma separate ( Table 1 ). The same process was undertaken with samples stratified by country, sex and type of HW (for HW items only) to determine if any differences in the results existed across these characteristics among the three study populations (Tables S1-S3 ). In addition, factor analysis was undertaken, and factor loadings were obtained separately for each stigma domain using study samples where participants responded to all stigma items within a specific domain (Figure 1a -c).
In the third phase, we calculated Cronbach's alpha for items grouped together under our domains of interest to assess the level of inter-item agreement (i.e. reliability). This was done using complete data for each stigma domain (Figure 1a -c) and complete data for CMs not living with HIV (Table 1 ). We considered an alpha value of 0.60 to 0.69 as "acceptable, " an alpha of 0.70 to 0.79 as "good" and an alpha of 0.80 or higher as "very good, " as suggested by Nunnally [54] . Simple scales were calculated for each domain of stigma by summing the scores across the set of items in each domain and dividing by the total number of items. This method allowed each item to contribute the same amount to the overall score. Scores ranged between 0 and 3 with higher scores indicating greater levels of stigma. For the measures of reported experienced stigma, individual items were dichotomized (never = 0 vs. ever = 1) then collapsed to create two binary variables reflecting having experienced stigma in the community in the previous 12 months and having experienced stigma in the healthcare setting in the previous 12 months.
Last, we assessed construct validity by examining bivariate associations between the scales and variables previously reported as associated with the stigma domains these scales are intended to represent in the literature [47] , including sex, 
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Strongly Disagree Disagree Agree Strongly Agree (b) Figure 1 . a, Responses to, and sources of HIV stigma items asked of people living with HIV. Agree or strongly agree for internalised stigma and experienced stigma at least once in the community or healthcare settings highlighted in bold. (1) [14, 55] . Women, younger participants and lesseducated participants were expected to report more internalized stigma [23, [56] [57] [58] [59] . Among CMs and HWs, participants who were older, more educated and had tested for HIV were expected to report less negative attitudes towards PLHIV and less perceived stigma [14, 60, 61] . Men were expected to perceive more stigma in the community and healthcare settings, given the difficulty engaging men in HIV care in sub-Saharan Africa [62,63]. We used linear regression and performed Wald tests to assess associations with sex, age, education and ever tested for HIV on stigma domains adjusting for triplet to take into account the study design [39] . All statistical analyses were conducted using the Stata software package (version 14.0, StataCorp LP, College Station, Texas).
| Ethical considerations
Prior ethical approval for all study procedures was obtained from the institutional review boards of the London School of Hygiene and Tropical Medicine (LSHTM), Stellenbosch University, and the University of Zambia. All participants provided written informed consent prior to enrolment.
3 | RESULTS
| Participants
Participants' characteristics are shown in Table 2 . Among PLHIV, more participants were women (N = 3576/88%), aged 25 to 34 (N = 1874/46%) and unmarried (N = 2097/52%). Most PLHIV had completed secondary education (N = 2478/ 61%). Among community participants, more were women (N = 3826/66%) than men and between the ages of 18 and 24 (N = 2650/46%) than any other age category. Most community participants were unmarried (N = 3485/60%), had completed secondary education (N = 4087/71%), and reported ever having tested for HIV (N = 4851/84%). More HWs were Zambian (N = 999/64%), women (N = 1135/73%) and between the ages of 25 and 34 (N = 591/38%). Slightly more than half were married (N = 813/52%) and had completed further than secondary education (N = 822/53%). Almost all HWs (N = 1508/97%) reported ever having tested for HIV.
| Factor analysis and reliability testing
Among PLHIV, three internalized stigma items were assessed using factor analysis. The items grouped together on one factor. The scale had high reliability in both the main (a = 0.816; Figure 1a ) and sub-group analyses by country and sex (Table S3 ). Among CMs, 10 items were assessed. In initial analyses, the items grouped on one factor, an "overall stigma" scale (a = 0.879, Table 1 ) that would not allow us to examine the "fear and shame" and "perceived stigma" domains separately, as recommended by current stigma theory and intervention research [37] , and would make comparisons of these domains across the three populations challenging. Therefore we examined the data using two factors, and found that items grouped onto a factor capturing fear and judgement (three items: a = 0.742, Table 1 ) and a factor capturing perceived stigma in community and healthcare settings (seven items, a = 0.873, Table 1 ). However, based on previous research in the Gambia mentioned above, we determined that it was important to capture perceptions of stigma in community and healthcare settings distinctly [49] . We also wanted to be able to compare CMs' perceptions with actual experiences of PLHIV in these two contexts. Thus we created two perceived stigma scales. One to assess stigma perceived in the community and the other to assess stigma perceived in the healthcare setting. Item agreement for the three community member scales was generally quite high: fear and judgement (three items, a = 0.742, Table 1 ), perceptions of stigma in the community (five items, a = 0.843, Table 1 ) and perceptions of stigma in the healthcare setting (two items, a = 0.763, Table 1 ). Sub-group factor analysis by country and sex also supported high reliability in these domains (Table S1 ).
Among HWs, 14 items were assessed. In factor analysis, these items grouped into three separate factors with acceptable reliability representing fear and judgement (five items, a = 0.618; Figure 1c ), perceived stigma in the community (five items, a = 0.647; Figure 1c ) and perceived co-worker stigma (four items, a = 0.769; Figure 1c ). Sub-group factor analysis confirmed acceptable reliability for all three scales by country, sex and type of health worker. However, Cronbach's alpha was below 0.6 for the fear and judgement domain and the perceived stigma in the community domain among CHWs and CHiPs (Table S2 ).
| Scales and experience measures
We ultimately created seven scales. Mean scores for each scale are shown in Tables 3a-c. Means equal to or less than 1.0 indicate that on average, participants disagreed with the attitudinal statements. For PLHIV, the internalized stigma scale had a mean of 0.84 (standard deviation (SD) = 0.63) (Table 3a) , with 22.6% reporting any internalized stigma in the past 12 months ( Table 2) . Experienced stigma and discrimination in the community and healthcare settings in the past 12 months were reported by 22.0% and 7.1% of PLHIV respectively ( Table 2) . For CMs, the mean score was 0.81 (SD = 0.58) for HIV fear and judgement, with 22.7% agreeing with at least one of the three statements, 1.24 (SD = 0.66) for perceived stigma in the community, with 63.5% agreeing with at least one of the five statements, and 1.02 (SD = 0.74) for perceived stigma in the healthcare setting, with 30.3% agreeing with at least one of the two statements (Tables 2 and 3b) .
Among HWs, the mean score was 0.78 (SD = 0.49) for fear and judgement, with 45.4% agreeing with any of the five statements, 1.50 (SD = 0.51) for perceived stigma in the community, with 93.0% agreeing with any of the five statements, and 0.92 (SD = 0.60) for perceived co-worker stigma, with 43.4% agreeing with any of the four statements (Tables 2 and 3c ).
| Stigma and sociodemographic factors
As expected, internalized stigma was associated with age among PLHIV. Older participants reported slightly less internalized stigma (aged 35 to 44 years, mean = 0.81; SD = 0.63) than younger participants (aged 18 to 24 years, mean = 0.89; SD = 0.64; p = 0.048). PLHIV aged 35 to 44 were more likely to report experiencing stigma and discrimination in the community than PLHIV aged 18 to 24 (OR: 1.50; 95% CI: 1.14 to 1.97). PLHIV who completed secondary school were less likely than PLHIV with less than secondary education to report experienced stigma in the community (OR: 0.81; 95% CI: 0.68 to 0.96). While mean internalized stigma scores were higher for PLHIV with less education, the observed difference was not significant. Unexpectedly, internalized stigma was not associated with sex. Experienced stigma in the healthcare setting was more likely to be reported by PLHIV aged 25 to 34 (OR: 1.87; 95% CI: 1.11 to 3.14) and those aged 35 to 44 (OR: 2.04; 95% CI: 1.21 to 3.42) compared to younger PLHIV aged 18 to 24 years. Experienced stigma did not differ by sex (Table 3a) .
Contrary to our hypotheses, HIV fear and judgement did not vary significantly by sex, age, education or ever tested for HIV among CMs. Perceptions of stigma in the community were not associated with sex, but were significantly associated with education and ever tested for HIV in the opposite direction as expected. Unexpectedly, those with post-secondary education (mean = 1.42; SD = 0.66; p < 0.001) and those who had ever tested for HIV (mean = 1.25; SD = 0.64; p < 0.001) perceived more stigma in the community than those with less than secondary education and those who had not tested for HIV respectively. Perceived stigma in the healthcare setting was associated with both sex and education. As expected, men (mean = 1.07; SD = 0.75; p = 0.006) perceived more stigma in healthcare settings than women. Unexpectedly, those with secondary (mean = 1.04; SD = 0.73; p < 0.001) or post-secondary education (mean = 1.20; SD = 0.79; p < 0.001) perceived more stigma in the healthcare setting than those with less than secondary education (Table 3b) .
Among HWs, fear and judgement were significantly associated with age, education and ever having tested for HIV. Contrary to our hypotheses, younger (aged 18 to 24, mean = 0.81; SD = 0.48; p = 0.015) and older (aged 45 + years, mean = 0.84; SD = 0.53, p = 0.015) HWs had higher scores than HWs aged 25 to 44 years, reflecting more negative attitudes. As expected, HWs with less than secondary education (mean = 0.92; SD = 0.66; p < 0.001) and those who had never tested for HIV (mean = 1.02; SD = 0.58; p = 0.002) reported more negative attitudes. Perceived stigma in the community was significantly associated with sex, age and education. As expected, male HWs (mean = 1.52; SD = 0.50; p = 0.019) and younger HWs aged 18 to 24 (mean = 1.60; SD = 0.41; p = 0.027) perceived more stigma in the community. Unexpectedly, HWs who had completed secondary education (mean = 1.59; SD = 0.49; p < 0.001) perceived more stigma in the community and perceived more co-worker stigma in the healthcare setting (mean = 0.94; SD = 0.63; p = 0.012). Perceived co-worker stigma was significantly associated with sex and age, with male HWs (mean = 1.01; SD = 0.62; p = 0.022), and those over 35 perceiving more co-worker stigma (35 to 44: mean = 0.98; SD = 0.58; p = 0.019; 45+: mean = 0.98; SD = 0.63). Ever tested for HIV was not associated with perceived stigma in the community or perceived co-worker stigma for HWs (Table 3c ).
| DISCUSSION
We developed seven scales and two experience measures using 35 items capturing drivers and manifestations of HIV stigma and discrimination and established their reliability and validity across three populations in Zambia and South Africa. The health worker scales are applicable in both countries and with a broad range of HWs. Our study is the first to create theory-based, parallel measures of stigma across PLHIV, CMs and HWs in the same study population. More CMs and HWs reported perceived stigma in community and healthcare settings than the proportion of PLHIV who reported experiences of stigma in both settings. Men perceived more stigma towards PLHIV in healthcare settings, which may be a factor influencing male engagement in HIV services.
A few limitations in our approach should be mentioned. First, we did not examine predictive validity, as we only included baseline data in the present analyses. Future analyses are planned to assess how well our parallel measures of stigma predict relevant outcomes such as ART adherence among PLHIV. Second, while the parallel measures developed allow for quantitative assessment of stigma, it should be noted that stigma and discrimination emerge from a social process influenced by power and inequality [64] . Qualitative social science investigations that aim to understand the social dimensions of stigma, such as those conducted in the HPTN 071 (PopART) trial, will complement the scales measured here by describing how stigma is influencing and being influenced by social and inter-personal processes [65] . Third, men were underrepresented in the population cohort (PC) of the HPTN 071 (PopART) trial [66] , despite repeat visits to households, additional recruitment efforts added, and continuous community engagement efforts [67] . The higher level of perceived stigma in the healthcare setting reported by men in the present study suggests that stigma may have discouraged men's participation in the trial. Given this, it is possible that the prevalence of the various stigma domains presented in the present paper across our three populations may be underestimates, especially for men in the study communities. Lastly, assessing stigma quantitatively among members of key populations in the PC was not within the scope of our study. Thus, we were not able to assess intersectional stigma nor validate our stigma measures among key populations living with HIV. Key populations were included in our social science investigations and analyses of these data are forthcoming. Despite these limitations, our study draws strength from being the first to develop and validate parallel measures of stigma across three populations in the context of a large HIV prevention trial, including the first ever population-based, random sample of PLHIV.
Our resulting scales measured different domains of stigma than the parallel scales developed by Visser et al. [13] . For CMs and HWs, our "fear and judgement" scales combine some of the items assessing "blame and judgement" and "interpersonal distancing" with items assessing shame and fear of HIV infection through casual contact with PLHIV. Our parallel measures for CMs and HWs also differed in that they included two new scales to assess perceptions of stigma occurring in a community or healthcare setting, which previous research suggests may prevent or delay engagement with health services [49] . Like Visser, we created a scale to capture internalized, or "self-stigma, " among PLHIV. Similar to previous research in Bangladesh and South Africa, we found that older age was associated with lower levels of internalized stigma [24, 68] . In contrast to Visser's scale of expected stigma, we developed two composite measures that capture reported experiences of stigma and discrimination in community and healthcare settings over the past 12 months. This enabled us to assess the baseline prevalence and characteristics of two critical domains of HIV stigma that have been shown to be associated with HIV-related health seeking behaviour among PLHIV [49, 69] .
Similar to Visser et al. and Zelaya et al., the parallel scales among the community and PLHIV samples showed good to very good internal consistency [13, 26] . Among the complete healthcare worker sample, the internal consistency of the "fear and judgement" scale and "perceived stigma in the community" scales was lower than desired, yet acceptable for making group comparisons (a > 0.60) [54] . The findings from the subgroup analyses of the stigma scales among the three different cadres of HWs suggest that some items may be more appropriate for facility-based staff. For example, two items on the "fear and judgement" scale ("Other people deserve access to health services more than PLHIV" and "I fear that I could contract HIV if I come into contact with the saliva of a person living with HIV") had low factor loadings for CHiPs only. These items may not resonate with CHiPs, who have chosen to provide door-to-door HIV testing, counselling and referral services for PLHIV in the community and have been trained on transmission of HIV and provision of culturally sensitive services. The items we used in this research were adapted from a facility-based stigma survey [33] . As the factor analyses of the other two scales (i.e. perceived stigma in the community and perceived co-worker stigma) were comparable in the combined health worker sample and the sub-group analyses, we are comfortable recommending the utility of the three scales in combined analyses with the health worker population. However, future stigma research could consider alternative items that may be more relevant for assessing the drivers of stigma in the context of community-based HIV-related service provision.
Similar to a multi-country study conducted among HWs [33] , fear and judgement among CMs and HWs in our study population were low, reflecting little fear, shame and judgement towards PLHIV. These low levels may explain why we did not see any differences in negative attitudes across sociodemographic characteristics and suggests that interventions to reduce negative attitudes towards PLHIV may not need to be targeted to specific demographic groups. Conversely, perceptions of stigma in the community and healthcare settings were high for both groups, with HWs perceiving considerably more stigma occurring in the community setting. We were not able to compare our findings with other studies due to the paucity of published data on this aspect of stigma among CMs and HWs. However, we do know that in our study population, the proportions of PLHIV reporting internalized and experienced stigma were significantly associated with the level of perceived stigma in the community reported by CMs, but not with the level reported by HWs [70] . This finding resonates with research in the US that found potential causal pathways among these different dimensions of stigma, in particular that women living with HIV who perceive high levels of stigma in the community and in healthcare settings are more likely to internalize stigma [53] . Our findings that men and more educated CMs and HWs perceived more stigma suggest that interventions to reduce perceived stigma may need to be targeted to specific demographic groups. Further research is warranted to better understand how perceived stigma is operating in communities and healthcare settings, why HWs might perceive more stigma than CMs, and how high levels of perceived stigma may impact health outcomes for PLHIV.
Nearly one in four PLHIV reported internalized or experienced stigma in the last year, and the levels of stigma did not differ by sex, suggesting that interventions to reduce these key stigma manifestations may be needed for both men and women. While reports of experienced stigma in the healthcare setting were relatively low, previous research suggests that such experiences can be particularly damaging and impactful for PLHIV, and anticipation of stigma in this setting can have significant impacts on HIV prevention and treatment utilization [71] . Comparison of the parallel measures developed does suggest some unique domains of stigma for each population that may require specific intervention. For example, stigma reduction efforts for young PLHIV should likely focus on addressing and overcoming internalized stigma, whereas older PLHIV may require support to cope with stigma experienced in the community and healthcare settings.
Likewise, efforts with HWs could emphasize the high levels of perceived stigma in the community compared to actual experiences of stigma reported by PLHIV, which may help HWs living with HIV to feel more comfortable disclosing their status and accessing care at the facilities and communities in which they work [72] . Our finding that men perceived more stigma towards PLHIV in the healthcare setting than women could partially explain why engaging men in HIV-related health services has been challenging in sub-Saharan Africa to date [73] , suggesting that interventions to address perceptions about HIV stigma in communities may be needed to enhance male engagement in the HIV prevention and treatment cascades. Having access to parallel data on stigma domains that can be influenced by interventions could be very useful for policy makers and programme planners as they determine where to direct limited financial resources for national-level HIV responses.
| CONCLUSIONS
The successful development of parallel scales in this study will enable future research to answer a number of key questions for the delivery of HIV services, such as whether internalized stigma is a greater barrier to ART uptake and engagement in care among PLHIV than experienced stigma, and to compare the impact of different types of stigma on the uptake of HIV prevention and care services longitudinally. Knowing the answers to these questions could then guide efforts to address the most pressing domains of stigma and in turn remove barriers to HIV prevention, care and treatment.
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